Hell CH I 

♦ 




cl<si<t>: 3ll$olct> uRl<Hlq 
Rl^chK; k J R^I 
3r<H^T<*3>: 3TClfa> ^TCcTT 

o o 




Hell CH I 

♦ 



ani^T qqq?r # rf #Rfr 3 rrt f^r ff qfr dRR-sqrfc # qrdatf #r fir aft qF dqqft §■ aftr 
lariR atM qft £irt aft qR dqqft p rf qqq?r # ftRft fftRR ^ qfr d£ftq # *Yf aft qR dqqft 
$■ aftr qqqtq qr rt^f tfr qM aft upt Rqqft fr? 

?^q° #r f?hf # ter <^f #t qcftdR-Rl^id, 3H i^q-cL i^<h # df ^rt^r, aftq rtfrY for ftr qftftft 
ft qqrrer # fR ?rfftd3iTcft fftRR ?rf q|Rft qq Rift ^rptl 

qqq?r di<Hia-d ^q- ft ftR-3tR fftm qndT ft aqqreqqqq ftt 3ft trf frif ftftftn qRft #. fftR 
k ,e h fftftq (^c|p)d 2 T qft irrilold qR% 3lfqd3llcft 3fft ftftlT qRft 4ft. k'q> Odl 3qqR u l 4ft TRRT 4ft 

d|^ aft d«l ft3TcT FR d4> olaK 4t folk 1 . 

RF RR 4ift F3TT, TRF ftdidqqft qRPftt ft ftRIR # 33ftq ft dft ftdlfftcft qft qqq?F 4t Sift ft 3ft 

o 

qqtftr rtr qTRT F3fr. 

o 

FR Hddq> ft 3iiH=hl ftaR (LASER) ftt fftr (Light Amplification by Stimulate Emission of 
Raditation W*Z k'R^ftftvftRlR 3TF k'lftdd ftftF ftfttr?RT qq ftf&qd Rq' ft ^T 3lttq 

aftr 3R% 3q?d'4dd<d jqdYdil 4r aft ft qdT cqftqr. ft?R 4 t affr q^T aqftRi ft Rqftr f - 
§rf^R ftt diddi ft 



M-(-d+^3T«rr*T 

o 



?.^T?r # e??t 
9. 3ftc 3^r 

3.#5RY 



y^T?r i5T£r-i5tcY c^rr % ?r ^ht # oRt§t?t wrt sotr y '=m ?r # c^Y w WRft f ! 

3T^^f^TJ^ # <H'<m'4 ? / 4° ° ° ° fET gf . ^-ob«r 3JT oT^T # d f . f^T f^l'4 



3f<Aft=H # 3TT7T oijRxl a'-Rflf 5TFFT frit ^T y^T ^TcTT WH 3^T # jflZT ^T WZTfaT f^TT 

arirU jt. si'difo 3HvAfY<+.i 4^nQ=b aftr £?it # cR$ tflcR ^t £r ^RcT jjr . 



T^F jflZT # 3^. 319 fFEfr 2JT cRT§T?T 3.3C ^ f . ^ ^T ^sft cjjfr ^RT cRF S*T *T5T 3ftr 

^t fer # f^arrf^m' t, 3^fr aft **Y£l $'=m$' 41 (^rptexH ) # ^tst ^tt ^rrtt jt. 



? . rarer oT^ - 




^■-obtr ^rr o?ft # <h wl 




riffu’l'chT 



fTT 3VR U T £ ■Aft'^-HRfrl ^-tfe-'pT ^ crilldl 3 'Rid ^tcft 



31H: #^T3=5nf 5Uq^%f^T: 

? ^€r-3te= !/!°° sfl^T^TePfflTT ?/4fET 

? fifftfr-jfldT = ?/?°oo jflZT^IT?RT§T?T?/ : ?4f^ 

? cHif^il-jfizT = ?/?°°° t^t-jfrer ^rr jfor hft ? °-<HNswi f^Rrr ^rr jfidr ^t EtfeUi ^rai f^RTT 

? 5fcMdT = ?/?ooo ?°°- ch^Y$'di 

sra ft?f h£t 3ft§^t 4 °° ch^ 41 fftfr fr. sfr ^rtsm ?/^°°°° #r srtcr $. 3 

feit % srara 2tefr- jfcr *ft £r ^rafaT ^?r f . 



^■^Terfog^r#err^#d<Mi£ (tefatr) u«h «ki«k <h$ ^cTl.^lf *ti£\ hj-gTi e^cTi 
?Mri5t£r. eFtfr-tsfcfr # m$w<h ^ y=H?r #r t^t £ w ^rtt f . 

SRFT?r # c^4t £ oT3=4t cT^ - ^ oTTcT T^T # f . <H'<HT$ l9C° |T. I5tc?T £ I5t£t 

e^Stf*TFfr4*T5fr (cfl'^'d) T? T # fiVWcfl f . 37T^r cHJ-slT^ $Ycfl' 1 3^° ^Tt-3?ldT. fST #T sTM ^Yct f 

3ToT3T-3ToT3T T? T Jte <HK' J fl, ^tcTT, ^TT, 3tfc sflcTT. T^T # RYcRcR U'=h ^ # fj^TcH cHlcfl f - dd# 

FT^d f^ld<H oH'^j ^dlrll . y^T?F % f^flV<H |d fj # 3?fW ^ ffF WTR 



3T3TdTT l9d° S^Tt-tfldT 

5TR3fr £°° ^Tt-jfldT 

^ToTT ^ ° ^Tt-jfldT 

£TT 4 3 ° ^a-ft-jfldT 

sfTcTT y^o^TT-TfldT 

W y?°» 3 fcr wr?r^f%Tar^t^#^FJTtr^3n7ftt 



3R Mr?r # fa^ur ggr Yr yFfr ^rr ?fr?Y # Wit ^ Fit §Mr <h ^ sti cfr §■ 

(ftr? tt ^r^T) . y^r?r # td-c^sr ^it c^r # h f^rd4l ^Wr, 

3H^fr^r3fte?it3fr. yw ^4 

v O ' <\ v v c\ 

# ^ u i fTdr ?r 3 qr^fr % ^Tofr ^r Jiai'i'cfi ^ era - f^fi^r^r t^t arR^fr td- 
I'J I'o-Tl T3T TT^" a-'illdl JH'^'dl ^ 3^T cTTdT T^T ^7T. 3TT^FT?F ^ ^d-y^T ^T 

<^'ii cfi^cHu^- £{ 3 mU^tct x n^fr # ?r il arq^fT- 

3fq^fr ^-^ 2 # #7 tt 3=te fcrr 3^r w# £ W t ^d-y^r % 

3TT3R ^T TJ^T ’TfT t?T tJ^F cJTlt # f^roTrT |TT TT f . 




did 



3Tnsfi ^ ^ oCT^ cTT^ «f?T clcT-efTST 




3lt>ft 

*" \j\j\f\f\j 

- AAAAAA 

« AAAAAAAAAA 

oi'r^oH y^T?r *£r $ dfr f arqqfr 3iM tt f . wr?r # Mr sfr f fdTdcPi 

^■-#3-2T l9C° ^Tt-jflZT £ 3fr 3 tte fT. MH'o-'d £<H1?I 3 hT^ 3'<t-'$ ^ TT^t. ^ Wr # 33T cT^TT % 

f^rr sfr Tfr^r ^ 3 <^° ^rr-Tfrer £ 

drwd # tftfr f - frrfc 3-4 dfr 

olc^ffTl TT^T^iT, ^i<r|#7^dlPldi[^[o : l'd<H ^StcR" (William Herschel ? l93dT - 3^ ^oo 3 ft 3icdd cH<Hsfl 

O 

dr# y^T?r # cT^fr # #. "^n^r tx tt sM dr#" *£1 ^fjt. 

fM%fev<ufj # \ 3 {° ^Tt-#CT ^ c^R 31T IRT d'=h ^ RRfr jt. 

?^°? # % ^diQ=h ftfo)£d<H ftzr ( ? bias, - ? <: ? ° ) ?r 3f r -Aid '^1 di# ^r?r # cq^rr # 

#. f^T^t 3f^-dRcte "f?l^fr T?T #T R dTofr" cT^T ^T RTT. 3T^-drd^'d' fcbR ft # td’-^T 3<^° 
^ft-Tfrsr ^■^T?°^Tt-jfreT d^Ft^Fxft!!". 

cq^fr # d ^di| (^r-^sjt) ^T^rr^tfard'^? f^d'41 RRfr f 3? fe>d'«fi ^t? 

?db3 3^i^i<ri%3dlPldivj|<l-d d-cH4i^d-d^cH (James Clerk Maxwell ?d3?-?db^) 3^" ^ ^fltd" f^JT ^T 
Tcld^d (electricity) 3^T ^J-s|ct) r q (magnetism) TJ?F^t dC<di -dcH^r) #3c!ft cl^l^ f\ 3ttT3a-$ja} f3FT3TT3T 



YYdT TY cv^cYl ^ J-sf (electromagnetism) dd. f^FR ^ftoTt sY f^ddpT ddrftTd ^YcfT {Y dT ftrlRdY R3Rdf dd 
^TW 3t M cPl UrI dWfaddd-d<Fdcpld (electro-magnetic) sYd 3dd dddf f. dFftddd-d<Fdcp|d sYd^fed 

O x O O v o o 

<Mdl ^ c^^ci - T 4 ) d_<s l ^ ^ icifaH u l (electro-magnetic radiation) dY - ^RFiT?r^T Rvt u l [ola-£ ^TJT ^3" ddicY ^ 
3fk pd-% W 3fRRcjTdcYd faRul jTTT ^Rd dfYt dddY. Jtd'dcYcH dd d,£dl 2JT fdT cR|T % fYfeRU| 

(YltdRIR)# 

oic^ffTl % c)dlPld> $l$o-|ftcti Wlo-d) £<Yd (Heinrich Rudolf Hertz ^Y ?ddd Yf ^ic^d cH J-4) cR- 

cY^dTcfrfYfeRU| (YltORlR) # oTgrTr # 3dlR #. ?R cdRY dY ^Tf-^ dfR ddT. fR# cH J-d |^ RdTI) 
jtor # ft dddfr |Y awTicRi dTqYr # h f^RTR ^r <+4 tf \ d dR3Y! 

d^nY cHJ-<di^ # YltaYr-td, tdY fdd-te £ sM w£[ ft, <Hi$shV^ ^tT didT t- ?d^r chj-sh^ 

? Mr-jfizT YY Yrr ?^° Mr-Yfidd ddr ifcfr I?. (?ry *Y: ?/?4 yy s" fer ddf). 

?d<3A Yf dRfcfr % ddf 3 IYt cl'dlfa'ch dYdYs Yl$dY|d (Wilhelm Kon-rad Roentgen 

?dtR-?<w) Yy 3f?% ^t€r td-cYaR % ftfaRui # #. 3 rYy =rY ddR-Y (X-Ray ) ^rr. 

=Rd£r ^R-cYaR ?° aYdY-Yfidd Yr ?/? 000 sYrY-YP^t ddr ^Y Rddfr YY. 

ddf RTR dR, dRT % cl'dlfa'ch kVdY$d fF^dd (Antoine Henri Becquerel ?d4^-?^°d) Yy 
ftdddl dd* dRT YY*Y f^F dYPldd cHdidR ftfaRU| dRct T&f t- dRT % $[ ddf ^hY 
tdli^dT dTd ddlYd 3Ydli (Paul Ulrich Villard ?d£,°-?<Rtf) ?Y dRT cHdldl dYfYldd £ 
teYr ftfaRui YY dds iYrYY sfr ffcfr t Rid'cRi td-cYa-R xrr-Y Yr afr d^Y-Y 
dTJT (Gamma Ray) l^dJT QdcPl ? / ?-dTg- ^dt-JfRT 3ftr 3d^ 9ft dRT ?fr. 

sfrY % f^r # ^ddd-dJ-sicpid ra^ui 

-o o 

oY <£) Yd-cY3"?T dd). 



# ^r)Y ^r df t -- dd^r ^ ^r r^ft 




fcifa>< u i 3ftr 3»ofr 



3ftr ?rr ft trf wr ft fttf afr ftr? fftrctft e^r ft ?roft ft 3ftr avFdift ft aftr 

FTORF dflKl ^3=r 3iT?T ft TRFft ft 

TOft ftf ?JRT ftf cRF ftHT FRldT ft fft tRFRF ftf fft>N ft §ft cHdldR 3Fft ?F }ft ft. 3fk ftF 
8ft cH I cl I ft fft ftft fft £<H 3iaft ftf iftft-lftft Cchsl ft §ft Pl-io-cK slit ddicl ft. Hlftl ftf ?TRT 
8ft ^ XRft ft ddftt ft. ^FT dF 8ft aFldft ft fft qiftt eftft-iftft qW^T3ft ft ?dT ftdT ft ftf fdft 
ftft ft fft fT3T 3dft STCFftT 3TRft ft dft fttiF TOFift. 

qrftr, ftf ddft-dftr wnwatf ft fftd?R ?ddT ft, t ro r d 3 ft tjar f^ar sjrt fft frf 3 fdT arr 

ft ftr ^rr araf- aft fftr tof fftft 3ftr ft iftft-iftt ppft ft ^ftt ft ^ftr ft? 

tad - !S°° ft araftr 3diift=to ftcFFT ?nft 3ftfr? ftfft (Max Karl Ernst Planck ?d4d-?^yi9) =>ftt 
sred - ft ft ftftr fft *?. 3F arsror ?r fft ^jt f^ dft ardarf ft fftFT ftff ft fftft^d- ftr- 

ft^afr ftf faddd-ddaftfa fftfftFW iftckcHft ft. ?F dlddl dTFdT dT fft ?>T£ ft fftfftFW 

^Hft ftr-ftrftt ft raift ^i ft a^riFT wot tecftr ft. 



ftarfftftf ft ?F ^t to fftdT 

fft dft ardaff ft fftFT ;tor fftflftd ft?- 

o 

ftrftr #7 fftfftrt? ift'ehdft dTfftft. dRd 3 dft 

??rt ft dftt carted! aiF-dfftcKd'i ftt Vr 

<\ 

ft afftcT d =m aftl. aftr art caitsai 
aiddifta^dl ftf H U 1 tr»M ft afftd d d>F dft 

r\ 

ft fftd 37T7T ft!! 

ftariftftt ftr car^i ?? arrtrR ?rr fft 3Fftr, 
TOfr ftr tof, ddidi't ?trt ftftr yaif^d ftftr 
^ d- fft rftt-rftt pfftt ft. ^ftft ft ftftrr fft 3RR 3ftr ?rr wmF rftt-rftt |?ftf ft ft ft aro 

ftdT? 

, cftft ft ?r? f*t ^RF ftddi ?ff fftaT ft aF 2fF ddFnft ft w Farr fft aft wft ft fftrr 

O 

tof arcRT-aroTO ft fftfftrw ^tfst? $. 3roftr cartsai ar-wtodi ft ftrMft ftsftr 

?R 7lftf. , cftft ft! cdltsdl ftf ?aid<H-fftftd ^FT ddT. iftft ?7T 3RTdT ?IT - fd - ftt-ftt 






tefts) Y R^ciY) Y"? ‘-pi eft Y hi^ii fir c<ftY (chunk) <Y si$d Ylsl fY jpo/i ?ndd ^i^) 

o *3 j 

qqqd dr % Ydftchl Y dF fiFd-q $[ dYt IY^t ^ Y lYt-iYY pFf ciiwci Y YY §Y f. ^fqr 
qY Y Fd ?Yd % fYY YtYd-d5FdqT Y FHJ-<Hlf?l<rI 1YdT ddT. 

FT *Yt dqrf qY qYYtd q^rr ddT. ^Yqr Y dF §Y qdT dddT fYr aidd-aidd Yd-cYrYr Yr 
ra^d-^epl-ij fYfYRd % qYd)<H Y 31dd-31dd dldT Y 3^Yr ffcY Y- Yd-cYrd foldYl qdT fit, 
3FTYt qYdtd Y 3dfr 3dYT ^T aYYqr. 3dlFdd Yl YtF qT, YdYt Fd Yl qqqd # Yd-cYrd dd 
Fd FT dddd 3TT?Y fftY t- ?ddH 3 tY dF |3TT 1Yr YdYt qqqd Yl qYdld dd Fd Yl qqqd % 
qYdtd Y cJdY FrfYdFlTcY fYY. 3TcT: YdYt qqq?F 3 YYdT did ddY # STddT FF3dT Y- 

3TdF Fd dF Yt ddY 1Yr fYdY dd Fd % qqqd-FFd§T FT 3dfr Y dtdd 3dfr fYdYt fYr 
UdT YdYt dftTd-FddST Y, dF^d dfcddyt did dF f!" fYr YdYt qqq?r Yt qYdtd 
Siis-d dTcYr fYY. Fd did qY Fd dFF ftfifit dT Fieftdi I?. <HidcH))oi4 qYi? Slid qr rrqr fYqY 
HiiSF ^eftdi fr. 3nd qr Fdqq qid stftf d fftdT. ardF qi)^ srrq qr rrqr [Y>ch 1 % qrq>F Y>Y> ?Y 
airq ff qdiF q»r dfdjd qYY. ddr qYf qqr fYqY qq q^dr YYr ?Y 1Yftd?d £r anqqY dY 
dFF dtd dYYr. idid fY, Fd cftdt ddiFTcnt # q??iFt qq qyt qdd qqr 1M dT. qdd dF ^ 
^dfr qi33F, #diF, 3frr ^)ft q?dr ffcY #> qqdd Fdqq 3 ifr 3nq% 3dr ddd-ddd F3d. 



qqq?r # 1 ^f 4 qdT qqd qiF Frqqfr f? qqr qqd qqir?r # qM fYdd qr dY %Ffiqid 
qY efticHi qRoY qq qiFcfr ^ f^TFi% qqF°T Fd qYct lYfd Fiq>r) did Fd Yi qqq?r Yi qYcYd FdY 
3ik ^Yd fftY f IYt 3dqq qM-fYdd qr qYf 3 ifr d^t qFdr. d^t qjRd - Y fY> qM-fYdd 
dd qqq?r Y" tddq dicfr qYct tddq qiFY FTdd, dd qqq?r Y" 3dq Yd FrqqY ^ fYi 
3qq qdr qiF f|t t qdd qM-fYidd qq Fd qqq?r qq qYf sifr d^t fYdr. qid Yd-Y^d qq 
qqq?r fYdd qY dFd qqdT qiF Ydr. 

qqq?r # Yr lYidY aftr §fr q^r ?rf^d?rrYt fYYr fYid£r Yd-YFd dd-qqq?r Y - dl^qi Y- pq-fe 
1 Yr 4 FndTFd qqq?r ft qid ?Y^d?nYt f. dFqYYd Y" aYr §fr q^r ?rf^d Y- 3 Yt YYdt-Yd # 
FTdFt qid. 

dot-^TT (spectrum) Yl ^dfr 3 Yf Fdqq qqidd 3ddT Y- 3Fdd-ddYd fYdtrft # Yd-Y^d 
FFidiFd qqq?r Y qid - dd: Y 1YdY dfYqr ?YYd?nYt £. tjqd-Y Y aYr aY dfYqr ?YYd Y- 
aYr YFFT-lYdd) Y FidY' arfYqr ?YYd. 




YlYt-YtYt eft ^d’-Yfr'ST dRT FFft oTTcfT t, FH 3d^t ?rfdRT dR RdTct f. Yf^Rt-cRfY 
FRlY RlYt dTdT f ddYfo YfiYdt 3ftT fpft r£?W 3^f 5T RRFd W'dlfYd dRct TFct f . f^Yf 

dRT 5oit FYeft (Y f^T $dY F'Y dYi? RdRTRT H£ddl I c^H^I 3ftT, ^rY YY Rv( u \ £<HlYl cddT 
dft ddcHI dH dd^efl fY — olcHl 3ft dd^efl fY. 

^ fYYtqdR dRT td-YRd dTcYr afcRt-dTdcYd f%M, 3 rr rr# rrr ^ frtYt ddRT 

dT dF^ft RY Ht F# FdRT dd #RR 8fT Ft RdRIT $\ ddR-Y 3fc ^TT-^M eft 3fc 8ft Md'Wl'=h 
f. fafa>ctf=b 31k STRff % Fld3R UdTT-Y RT dRfd ?tYR # FFYM 3fk deT-TdRT (tissues) dd 
3r?^r?r dRYr % fot y dHe) |Y. arSRToT Yt fYl q q -Y dft ?tYr dr rfr fYt ^fl^l £r % fYl q sichi 

o 

olldl jY. 



### 



did dftl? dTR 3TdYt ^Y Sift dTTT ddKI dlYt 3ftT Yt fftYt Ft eft RsY dTR fc)Sdd-'d‘>-KfcP|.ij ^Rrt u l 

v O O' O'OO 

taMefi t 3ik ?fiY-«fiY 3Rdd didRM fftrYt trftt t- aftr did dfrf dTR aiqYt Yr vrft dTR 
cVci ki dlYt 3ftT Yt fftYt Ft eft $dd>l 3c-a fftcTT |Y 3ftT edit dTTT dd dlH<Hld dSdY cHdcll 5? . 
ra^d-^cpiij ftfeRui ^Y?rr vtf dRiF Yr 3ft dRiF drim *Y aftr sftsff dRiF % diMdid dft 3 rt 

Yf dTIdT dR ^TcTT I". 

-FRc YY FT oRT^T Shield k ,c F cj-^d ^ c^H'Tl U-^-d ^T 3TtT aTT ^ft jt?. 41) eld eft tR Md PicFdef 

^fet f . f^t 5 W t^RW ^T traT^ (emission of radiation) 3RRT f. 

qft3td EPRpft # Tt ^-^3-2ft *f Plchdel f. ^ ^ # 3f^t«aT 3rf«idT RRTT *f 

^ft f. ddRT 3flT 3RT td-^3-2ft % 4>YdYd ^RT RRTT # t^cFdel f . 3tdRTT # td-^?ft % 
qft3td £r RRTt 3Yte 3TRT # ft- ^d ddRT 3ffT 3?RT R5RT ^t 3RT 3TRT # 

OO O 

RRft 3TRft f. RF =tdid<H-Rt^id 3RRT >H<H^ldl dT RRRTT |t. 

tHIddlfol'fl 3TR k lc F d-dd ^ft 3T?t dvidl diY. dddil dlHdld dddl aTRRTT, dF 

3t1tJdT qf^ PtchlcHdl cHldJIl. 3fR 3R% ddRT t^Rt ^Rt qf^ # 3^fr §ft d3^ft dTRRft. 
FHdd <HdcHd df F3TT ^ dTd3# £ qf^ # ^d--^R 3#T dTd3# % ^YdYd ^t dRT 

^Rfr (d-dlft d^ndT 3^fr qrr dddd q^r td--^3-R). 3RT: ^fh 3?# q^rsY Yf^ft-td- dT <HiFsbY<Yd 
% qft^td- tenYft. % diq<Hid ddr qfd^r qr q^rsY 3rfteR pq-Y^ % q>YdYd ^rtt. 

3dR?r f 1 ? qRfr # Yr rirt rrit # gqq-Y^ f^RRt toFRfr ft. ardr arrq arqYt ft^ qft 

o o 

% qqq Yt drw (%ftq qft w q) dt anq- ^uil qft JiwiFd % ^q # ar^rd dR RdRt 

^jTR. 19 




f. 3TTq^T FT2T Yt 37ST t, ^t qYdYd qY 

3ihY 3Y •MdHi cYdl t 3ltT FRY FT®T d Y $)Y oPTrlT (Y. 

3l d K 3i I H Mr Y)a1 qY oftT-?ftT Y d \A qHdl 3R7 q>Y 

O 

(tYY dlFR dY qTRTT iY dtt qY) nr anf^T aY Ff^; dYR 
qq7r?r Y7 ^ Rite^rsT aft Prq7ddi f Y 3^m 

Yttst #7 fYY aftr dY-Rld (red-hot) RT eft fcgif 
Ydl. 3RR £<H Hc^ l §5" qY 3ltT d \A qKcY oTRT cY ?Rc afhR 
^FT?r #7 qTR Yq'-YaR q^Y LbYdYd §ft Pl'chddl ^Y 

aYYr wY dY-dY^ (white-hot) ft^Tt YaY RrraTr. ?rY # 
dRF dY-dY^ (white-hot) f^aif YYr 1Y. 3RR 3tpt 
cH‘=hf^i|1 #7 Yr Y 3TRT cR3TT# ?Y 3R# Rqt YlYt dT 
rrYt f^Mr ^fr% diq'aiid ?tY Y qTR Y 

fY>Yt aft nqi Y Y q q an i *-m 3ftr 3 rY7 ^pYTtt Y dnoil Y <Y1 Y Y dYtsrr q jhc) tfY ^Y — y q> cjtftY qY 
yqqFT £Y rY Y fr yqqFr-aRF# Y qYYd qq7 wnw Y ^qY Y ^tY 3trY |Y Ytr ftr soft 
aft ted 3 trY Y 

3HIJHHl< Y, !R WTRT 1RF RRT YeT-Y^T #7 qYYtd kYcWddl ^ 3lY R^7 RRT “fcZW Y RdY Y 
^TFRT WIRT cJTHYY YT-YrST qTT qYYtd IY=M<Hdl iY 3TT 3RRT fY?!T Y RdY Y ^RT^FTT aHddd fY 
tY fYYt aft RerrrsT Y qYYW 3 rrt-3rrt Yt-Ytr Ytr fY?rr Y soft fYqTdY rY Y ^ =Y 

WY ^ qTT qqTRT Ft, RT #7 Yl # RYY 3TRT, RT dYd’sIrcYl, RT f^otcYl ^7T W^, RT 3^Y 

rtfYY # %1Yr. f7e% arawr ^rt 3m ^tf 3ttr rYrtt ^Yr f PrcFidY ^tt? 

3.^3^ 




# t?^7 TTrsfcr t?n1^7 3R^t arr^FSTFR (Albert Einstein ?di9<M<w) ^ qYdYR t^Td^Y #7 
dfi% qr IYrr lYTRr. 33 Y Yqrr frit 1^7 ^Yf ttYfa wtrt rt wtrt3# ^tt IYt^Y d^r 
3 trfr Y7 qYdtd qY qqTgqR 3 fYt Y 7 irf YtY rr qr 3 Yr thtrit ^ dt 37>#Y rirt % 1|w ^r 
Ytq7 ^odi YY. cRF y *♦> qR-nw rt fYR qRTT°T3Y Y7 tfotf ^Y qcctrYd tY>qi otT -d^di ^ tYY 
?Yr rt Yt ^ F^Ffr # Ft drifYq'd (wjt) 3 fYt qY Pr=Fid Yrt 3ttr qq7 qYYtd Y^rr 

qrYdT RcH=hcH tdT t^RRT qRTRT qY ?R7 # 3'r'YYY'd Y^TRT SR. 3RRT 3RRT q'Wf 3R qYdYd qY 

000 o 

3RRT 3RRT dRR qT 3ltT Y^r?R3Tr aY 



33>3dl YflffYY fYr fYR# q^T# Yt 313 33^333# 3# 33F 332T iccffSld 33 f#R oTRT. 3333 #33 Ft 
3tY) eft 3d" 3T3 ft 3ldfWd 33# FT#T. <H I od o-Tl Tol ^ k'4> 31$) 33333 33 qf) did 3?# 3 ref fold 3H<Y 
Yt f## 3TTcTT # 3#3 f#R# 33T wrroT # d'eRl'dT #. W3 3F 3# 3'rrlfotd R 3F q3#3T 3dlfY) 
MH'dtui 3F# # #T ireffotd #. FdYt 3F#\ 3F 33R33 3Tt 313# f^Hsft Wdl qftF#T 3ft 3TF3 
jof 3>l cHof # f## ftsrar 3#3T. 3373R 3t f#3R# 3RT q>YdYd fad'3>d 33T qftFTFT Yt #33 #3T F# 

<\ o o 

33T wnw 33 F3FT W #. 3#3 tof^cHof 3ToTT 4>YdYd 33ft fc?3 aY Ft#3T f#3T aY 3T3 3F# 3RT 
qftFR arr. 

333 Ft qftdYd, Ft 3#3 WtWT3# 3t F3RT3R Ft 3#3 4>YdY«H ^YFT 3##. f?t RTF 333 R3 qftdtd, 

"FIT WIT°T3ft # F3F3## 3#3 33R qftFtd - #FT 3## .... far ?S, f#3 33 .... f3T d3F, 33% 

Firf# aY r# 3RR # §# 3R ft, 3 rM, arr^rr qftdYd 4 ft Ft ftp## f#R 33§p£r YrtY ^ t u3f 
33333 # 3#3 3ft 333 33T f%IT aY Ft##. 3F 3ftf 33S33R Yf#3?R 33 icd'oYd (emission of 
radiation) d#t # f# FR R3F#t Yt #3 aY 33R fri# 33 3T Ft# Yt rfr aY #s# # f#daY # FT 
f#?lT 3#3 FT Yt qftFR #t3R# 3F# #. 3F fd" 3333 33 icd'aYd # 3ft idYfFtd 

3333R3# 33 d#t 33333 Yt qftdfR # #tF 33# 33 #33 #. qftdYd 3331333# 3# 3c#fFTd 3F# # 
Fdfrl'Y Fd" 3333 Yr ir'd'ofd 3# fYfY>3 u I 33 3c#f#d 3'r'd'ofd (Stimulated Emission of 
Radiation) 3iFdRT #. 




3PTfecT 3#T 3T3r3Tfecr 3339T drldl 

O 



fMd" 3R 3F # fYr 3F ir'd'ofd 33F qff^R #■ 

FfdT # 33dR 3R aY t^R# # 3Rf#1^R 
qfldYd. 333- 33T 3t#r# qft^R 3# F# 53^ ^ 
3T#-, 3Rd FR #3 dtY 4>YdYd 33T 33§T 
P|3 kH<Y # c# # d#t 3F 3T33Y. f3T rRF 
33T qftFR fYddd #t 3R 3 iF# 33 3F3T 

c o 

33t ttF^'R 3RY # 33TR fYFTT # - 3F F33 - 

O 

f#1YR3 Yt FrYfFtd ic'd'oYd 33 f#3tF: 3R 
(Amplification by Stimulated Emission of 
Radiation). 

33?33R 1Y1YR3 aY 3RR-3T3R #3#^?# Yt 
qftFR 3T3 f#?33# aY fY3sT3 F3eY ^ — k 1 3> 
oRF" Yifo-Fd d#t Ft#- 31# 333 33F rid 3T 
art F3 fYw 33 3#R 33 333 IYrj# 3# 33F 

-3 O 

t#?3 # $3>gl 3#, oY# fYi dJ# 3T 333 Y# #3- 



RfF # 33# t, 3335F f#3 3# R3t 3133) fYm ^Y FIRT #. #33 333?t 33FRf#FT (incoherent) 



dd" dF-Tafr (polychromatic) ^ioTlT^> dFd TflYY 3dcYadY dTdT YYdT. HFd Y^fonui FcctfsTcT 

aY dF ctac^F gkisk fftft f 3tfa dF ddr-Tafld (monochromatic) ddT chc^d dTdT ^YdT 
ft. TTST dTdYdi Yr ddr ^JT aY ddaY #r qTRtir ddTTST tor-tor d^Y to - ddto (coherent) 
TFdT I". 

di^di^d ddr toto dttor snrfr arr. Ffldrr arddd dF i? ftr 3to torr tofr tod Yr tor 
srto toui to ddddr-iYto Fto 1 dF ddT dddY # drtfsrsr # far ddr tor dr d-aidd- 
Rl^Vd d|Y (Y dY ddT F^dT dlto? 3TdT F^ dF ddY f%T tor dTT ddTFar-toid d^T d^Y (Y dt 
F# told FdRT dF £T3dT FTto ddT dTTdd aY torTd dd icctod idtod TT3TF |Y? F# 
dF dTd dto to f%T ddT cllT-dtod'l d^Y (Y dY told dTfdT ft? 

?^d aY to d# todY }Y ddT ddT 1% fa tod dd i-c'ctod FcTToYd dTTdd aY to ^ 3fhr F?T 
dTF dd fa tod Fddd aY TTdto (coherent) to ddr-tod (monochromatic) dlfalfa^ ddr 
totor dd to- 

3Td ddtrfr dF i? far ?d dTF dTT TTdto fatod toYdT dTdT aY ddldT to did? to dddT 
d^t far dF dYf 3TTTTTd ddF |Y. to dY fatod FdY FRY dTdT 3=ft5Ff |Y FT dF 3TTTdto to 
faT3TT F3TT |Y. 3TdYd, TnFTTd faftod to dddT dt dFd STTTTId |Y, FT^d 3dtoTd fa tod to 

o o J 

dddT dFd drto. 3dYfaTd faltod to dFdT $dfcT'4 drto |Y far dF 3TTF FTdltof dY 
idYfaTd dto f dY dY Ftod - dY dFd ^T ddT 3TqaY dTd d^Y TTd dirY. p* 3TTd?ddTdT |t dFd 

o o 

TnY W1WT3# dY tJdT dTd 3rcYYotd dTFT # 3 )Yt 3d^ ddtBY ^T ddT 3dYf^d 3TdTdr ^ TT3^T #. 

Fdil^T fdT^tdTf dY dF dTdd" dd ddTT dT f^T f^^U| dTT 3dY1dTd 'ir'd^d TTdd - ^ dT forfr ?T 
dFd TFRT ddT FTT dT dTtf ddd d^Y f^TdT. 

dd' aY ddT ddfl^Y tdTi^dT FIFTY F^ FT3^tTT (Charles 
Hard Townes, dd?r ?^? 4 ) ddr Tii^T^noYr ariFdTYYd' dddY # 
dTtlTY?T dTT TfT $Y. 3?t ddT <HT$'9h1<Yd #T dTtFtd, Y^IdaY 3T^ Tl% 
2fT, 3TdY1^3TT ^TT aY 3TITTiafr tY TFd TTddY f . 3TdT 3TdYYFT3TT #T 

ddYFT dToYldddY dTt 3dYY^fd f^TdT dT d% dY 3TT ?lY^d?lTFYr 

<\ 

<HlFdTY<Yd to TTdTcfT 

FT3aYrr drY ddT f^r tor daY drraY aY d dY 3fflYtor #r 
artoddY dY 3dYto fto dT ddTdT btYt d 3d|- 3dYYto 
ardddr aY ttft fit ddrdr dYf aYYr dtor FsarT d|dr; stiff 

YdTTT. I 12 




■tiic^'t) dl3<Y4I 3i H<Tl 
3TdY1?tdT <YoR TTdFTI^ FT 



fsToTcft # rPf P Rid tor, rt rrt?t to ttord, rt tof TdiRpR ftoRr. ftop dTF 3 trt RF 
3rPrPT3TT % dTcPRRdl to 3cPfPd RT d% dt 3p ?tod?T[Pt dlFtoto to tod to dlPPl. 

artor to ato ftotoft to^RT ?w P xjr to RdiP P dRd ff. frttt awrtor P 
tototot to arPtor 3 trtrt P 3trP uRfdi Rtod P drR dRRTT ft dR dR 

fP dftl 31IRK RT Rldld 3lcd yd r-( ^isj to XJR dTR <HRd RT dP. dtP RF fcTTdd fpTTlT 

diFtoto rt rt fpr tor (diFtotor rt Rwr ftitoi P 3dtod 3dtod frttt. maser = 

Microwave Amplification by Stimulated Emission of Radiation) Rfrr RRT. 

dddd to ddR Prftord iitod P p toto §ft tor RdiP P to ftt P. 3 to P xjr §rr 

<\ o ^ 

xjtotor Rtftrto (add ?m) to ^tttt rt ttotonf toto (FFd ?w). P aiaPd to 
tot tontPto to dttor mttrr p TTtoto torr rrt. 

?jr P tor to p Pr P to diFtotor tpRTd tor. tor p totojar rt wndart to 
3cPfPd [pRI JNI, RT£ jP £d u ll P tocld P|r<h «• l-^l 3ttT Rt ?ITd fit dP <hTch! RRchI to fPT P 

O t\ 

3cPPTd RTP Pt oTTTd Pt toP t fPtod 3cdtotd RT to. 

o 

TO=d ?<r% P xjr FR-ardPto torrfpR toto Rddtoid (ddf t ?<r3°) tor xr^a tor dfPiRRd 
to $todicH rtP to to tto^r 3tor P rttd tttt fit — tirY! Rd acPItod ttr vr an PtP, 

tor irrltold FR 3to 3*R, to dto 3tfto 3 ctod FdT 3to 3RT. 

aw arra trw?rr nrfr rr 3-^dr hft tor fit dt arra tototof Rtt tor ^FdT ^ rfto FdT 
RT toT dto ft. XdR to 3TTRTR ^T told, dTctodd Rtt 3 retold RR - to dl$9bt<ld PlcHcH 
rr - to top mT P to ^ ^ ^ ^ Tr - totora- fto totto ftor dtoto ttora- rr- 
to' FdT rt antodn i rr^rt Rtor fto to top FdT rt Rto to. rrt rrf #> Rttto 

J o 

3-nto^ddt Rit Jpoil % jnH’Tl •dd't RT PjP| afP cjdt 3op" 3cPPTd RpP. FF dTF did) dTF ^ 
totd, ton xj^t to ^ ^ tto, tototo rY 3dtorr tor to tor cHdidK 

PlRFcTctt tot. ®cH<Hs|<f < id RFdT PdlPfRi oft k'R> “tPtdT-PdT’ RdTp P dMid F3fT. ?^d? P 

^ o 

3p atdzr toiltot % ttrt Ptor rttrrt ttor dRT. 

rtf pr, tor rrt xjtotRRRT ft. dtoiPPr xjft tor atdPrrr P 3Rltor Pto u i % dtor P 
3TTdT afdT 3TT TT3TR Ri)^ RRpd dnalt RTT Rldld PoTT P dRRTlP dt RfT PoTT P VR <HI$Rl<lcj 
ftor (beam) to RpdT. torltot Rt Rtdtd # rrtft dtotto ftod (beam) rt RdT cHJildi 
Rpt rrift arrard- 1- aid: totd ?itot, Pt rf diddi rtfP ft Pr atdPd P rrt p w ft, 
PdT tjr ato-dtorto to p dRdT ft. 




$lcHif=b k ,c h fYYTR <YaR fYRfY <slRH Jnol'i % jY nYdld R>T Hdl cH ^ 1 1 RRTRT |Y. L Ka-d 3flR jY 
YRlftdY Y 3ToTR-3TRR cRF Y> YRR 3RT fYpY — fYRY Y XJRT Yr RT rYYr IYrR 3Yt fYRY Y 
FRY R>T. fYRY <Y old-Hqi Y RTT yqld fY>RT. FR cR? 3TRR-3TRR Yd-c^R YY RIFFYYr rY fYRY 
R fYRY Yp5R Yt RRT RRRJT oTT RRT. 

xjrt £rtr- tcrY RToY RIR ^ — Yrr srrt Yrt |f RiFstYYci IYrxr ^RTfecT (coherent) ffcY t- 
FRR>T 3RY ft fYx RF RRYY ^YY RRYr Yr dldRd §YY It&Rcfl R# . ?R cRF # <HlF*>YYd fYRR qY 
3RTC RsF (YYRR) RF # RRF YRR RTR ?Y fYRT =rSJT-3iR f^RY |XT RF RsF (YYRR) RF RRT 
RFR RRRY 3 Yt RFT Yt dRRTRR RT q^YY RT RPTR 3RYY <Hl$5hl<Yc| fYRXR RT qRT RRRJT off 

o ^ o 

RRRT. 

<Hi^stY^cj qqrm # rYYt Yr rrrY aYr fr rirYt £ q^m # rYY fYFRY |r. fr q^YY Yr Rsf 
(YYrr) rf # ^Yr <Hi^ 5 hY^ci fYRXR qY q^YY Yr R9F (YYrr) rf rrt rirr rrr- anYr Yr rtrt 
(rYIYt rts fjYPld. ^T3TT) Yr qRT rrt rrrT f. 

RIRdd sY <Hl^st>YYcj qq qqYR MrYcYR-RFR3# # xRYY YT ^YY RPRY RT RrYT 3TRT5T rYIRT ft. 

3tr t3rYr?ttrYY, qFrY # 3 tYrt, rfY aYr rrYY # q^YY Yr ^Yr xjqr srt £irt Yr qRT rrt rrrY 

& 

RsF (^RRT) RF £Yr?IT # Rt€r RF Yr SXRT ^FcTT ft. fRT ^ YfeRT c^ 4 )<H (Y^YrYr) 
Yr §YY ^rrY Yt w ?t^Y ^>h1oYxj aw ?rf fYRY ^Y rf 3YY rtoW r an fYx ?j3x (Y'rrt) 

3jf # RcTF YrYY fYcYY fYRYY ^Y ^jf ^YY 3TToRT st sjt fYr (YYoRT) ^tf YYrt RfrT xY rr 
3Yt IYrt Y^t^tt YYYrt rtffYYr ^Y (Y'rrt) rf # ?ftf Yr srrrr 

fYR ^Y sOcrYY ^Y hr ^r rs-’YY cTRr n^d rtrrYY Y. 

c o 

Yrr ^Y YfxYY rYY <hi$siYYci fYRxxr xj^t-Y^IY (monochromatic) 3 Yt xj^t Yr^^t # fYcfT 3RK 

§]RX RF 3TRR FY 3ftr 37T^Y RRF ^ ^ Yt fteft FY RY 37T RT q^Yt RTcY RIFFYYr # fYRXJT 
rYY Yt ?YY, Yr^-r- # IYrt IYrY rfrir Yt, rtrft r§YY qr 3 ttrtrrY. qxRR 3 trt ?ift rf ^t 
^F r !Y, rrY fYx 3^r ^trf rt^Y |Y, aY brt Yr crrtrr RTme - 3 trY rrY rtffYYr # 
Yr^TR # d'RcHl'cj atlojldJIl. RF QrlY) YtYY Yr RR TFT sYrT, d'd'xHld 3RRT ^Y 3YfYRT ^YRT. ?JRT 
RF Yr ddRidR rY^Y rtfrYYr Yt 3 tirr Y - , RR # YrtIYirY rY 3 rYt rrrr rtr^ Yt 

dYl Y> aYr RfcT RT Hdl dcHI. $dY H£o) 3^Y hY^ -did R RT. 




3FTC # qTcTF toto ?T to? 3TT HT qAdT ^rr Wl'toT fY AY 3TWT toT aft FFtqrqR 

grqqr toAY to ztiffYAf qr qto- zttffYAf fAtqw qtr 3 'm-mYji *ft ?i?f *if #t rtcIF qr 3 ff- 

o o c 

tfiff ^RiFfr qtT qqrr cPtrjt ^ftt. ?w Yf qjsrt ajF qtr dF-FR rqto to xtzf to qY 

•HlFVhYA'F FtT qto FR ?JFt ^T eft 3W FtT «HlVHf^l'=l 3ft FdT fto ^FJT. 

.htffYAf fAtqw ?JsF Yt aft qto to Y- itolvf *2 ftor Y ws; (Mercury) tjf, ?to 
(Mars) 3]F, qrA fTF, FFFto (Jupiter) ajF to aft. WCR # dTFdd TT d'FRl'FR Ftqqr to tor 
-hiffYAf FtT aft qqrr FFTr Y- dl'$d'<H, to (Saturn) 3TF Ftr FFt aFT 3 t T3TF (satellite) Y- =toY 
c^t qtoY tY ?jft tjf ^t cjjY qY 3 c 3-^p=rr Y tofAt qjFt ^f qtoY At qto qrqr Y- 

tjft .htffYAf fAtqw fY di^dH ft tor ^ftt oft ^tot fY qrr Ftqqrr prr q Va tot aY Fiqqr 
q^tAY ft did Ftq 3 ttAY 3fYq ^ A fiffot AY qTcTF At «i iY Yr hcii ch <* i i . Yqrr cYst sik stpRt-stoT^t 
to fAtFT ^FTT. AYAt 3q^]F ^ TFT Y, fY dl^d'H # qFTF At fAflto f^Ffft # qTpTT fto 
qr^Y. Fto 3 YYt cYYftY f^r [jYcYi <m$9hlAq fAtqtrr ffcT FtfroYr 2 ft tAqY fAt AY fAtqfY fff - qY 
FFtqTFtq chIcTi Ft- H'to-ci <^hY fA^r ff c hi L Rl qifAVRiicYl AY Al A fAt AY fAtqfY dYqr hfi A' FFtqTFtq 
qiHd 3 ttAY Ft- Aqrr ch^icii ^ di^dd qq - qdAl AYi rRF d dq 3ffq srFit^Yq qr ^cidi oTFr s? fAt 
di'^d'oH' 3fk q«AY At ftjtf 3At <H^i-4)q fto q^rAY At f At qqt to ft ^fh 3ToT?t to- 

CO ^ o 



«. <terA 

aw 3trq qqt tor A^to^r At tor ^it qto f ^Y ^rto'Au to (fAtw) tor qtr qto f At 
fAd^-tqrtoq- fAfAtTw # fAto tot to qrto AY fAt .Hi^FYAq to f? 3^ to q^rA- 
to oiiA fA^nY to At FrR qqt <^hY A qtrYA Ft Ar 3rrq ?ifAd?iic4) fAfAtT°T tYgfj ^qA A 
qiw iY qrto f . to IA1A>qui # to-to§r ^fh ^ to- to rRF to to to fw 
fAt qtoiqtrr qqtrqr At to aft to fAto qrto f . 

didAd F^r to A A tYr Alq qFT ^rr fAt Aqrr Aid qqr nqi A^ $fA<hich fAt^rr oiiq AY 
<Hi$5tYAq A sioiiq qrmrqw qqtr?r qtr AY?r Aft qtq qrAt. qqtrqr Aft qtqoY aicY tYoTT fY "qqtr?fYq'- 
tor qt^tT oTT qrqtFrr Y- 

qq?H Atotof tY to to^ ^ 51171 ^ 7Tr - tttffYAf to # ftbtft qqtr?r At to qY tor 
qtFT (qqtrqr qtT fAwiq fAfAtqur At 3tofto 3?qtor Fto- LASER = Light Amplification by 
Stimulated Emission of Radiation). 



3YdT YFT TFTdT |T dFFshYYcF HfFT Rdfe W RTF-fRY fid; 3flT Y^T TFTdT Y TTFT?r TFT 
d <f i fc!>ci Rf ych-<-n fid . 



?<tt° sY 3Fdfr# 4dlPl4) RTSTtTtT &deF dldd (FTOd ?<^b. Theodore Harold Maiman) cYdT 
tort Yf ttYf tf^Y fhw FR- 3v£ft Tfid?ndT Yf d c-t ftl RY t d - jfttt i afhr shlfed-diTrHrF^ 
Yr frYdd fY F^fr # rtf ijfr Tdif . fYdd Yf driY^Td TYfYrad wnw wf tY ^r fYtt did 
Yd fdT Y- shlfed WIW3 # tY 3cclfe tYm ddT 3ftr F5R t RldM 3FdY Yr 4YY TdT TT 
3TTY" eft 3drY fY YYl cIcioR §T Yr TYcYd fYtTFcY oft dlcH Yd Yr ffTni? fff. Tjff tY 3dYfvYd Ff 
oTiaY Yr sue k ,c r> di?r cIcicR^ Yr 4>lcld tY fY>r Yf ufr tt sidi di^i. f^rcrYr 3Tft ^ <=1 ol §t Y f 3 YYt 
4>)cld Yci . fJrR-nY 44) d$Y cHld Yd TFT 44) ddfc!>d 44)I?F TFT <41 «H Yci FdF- 

o o 




3FT Yr FYdT Yf TTFTd-fld W-TOF TFT fed. TTFTd-fld 

o 

ferdal Yr f^TCJ- 3^ T7T-SF1T ic'clfe TFTdT TTdT. TO 

O 

?T£° Y) 3Td d4) 44) ^dd Yf Yci FR 3 dlPl4) 3i chI olclld 
(Ali Javan) Yr fF3Fld 3flT £lfed YYft Yr fed tft Tdfd 
TO - RTF RYtdl TTFTd TFT cYdT TdldT. 

?tf;° Yf tftf, fdifel Yr tfYY FYdfe-RrYFfr ttft?f d^t 
fST TT. rff §Y TTFT3F 3d dTF T^fF TT 3Tfed TTtdY YF 

tt far d^Y afhr feYi Yr Tfe tf tt drdfe rY 

<N O 

TFTYr ?FT. 



fY- ar r^ Y r ' Y-h ft q^ofr T^r-^dr qr ddd toY 1 fft ?< ^ e '° ^ ^' 7ll ^ |ch <s|d| ' lcH ^<13$ Yr ddfiSd ttft?f 

Yf fYlRFdoY TFT Hdl ddT dYF. ?Y RldlYl Y) <41d 

YlYF Yf fed TTFd t feY ?RT-F5FtdT TRRF TF^Y f . ?d YldY Yr TTdM TFYY-TFSYr 3TRT- 

Hid Yf RldiYl Yf ttft?f fY 3rd Rid Yfad difrY^r tft ddfed <41 <h Yci tft dTOY Y- $< r '^ 
tY K~<H4)-Y|d'( 4)^><1 |). 



TFT5F YdT $[ ddd (3TRY) 3 Yt ?ITF (Yldd) df Y> TFWDTdY # ?d d|Y Yf Tldd^Td fY 

3YRlTFdT TFT^d TI^-3TTTdTfT Y- dFT<H u ^d Yf 3dYt feY # 3Tl^2Fd TFT^d TI^-3TTTdTfT ^ Yf 
TTFT5F fY 3dH^td F^R fRFF-YT fedf Yf ddfe fid # TTdT TFTdT Y- dd dY TF Y Ifr fd 
dFF Yf TFlfd- Slf-3TTTdlF^ YldT dFd'Td R?fY RT TOlf dT ^ f . 

3idRST ?Y HlY FjFToY 4ld sYoFT 3Yt dd'F 3d<Y R I Td"d ? 1 1 cYl d$) ^14 ioldol ^<H R2 f4Y TT YfTcY TT 

TdYd?ndT ^ tot frtf^Y f. ardlYrr sY Yft FR Iffer Yf FYdfed-fid fYRW 1^?Fr3# fY 

o 



3TTfS*F 

pP^T 



doK <+>•(. d cjioHI Hc^l (did, ^oH j 2JT P?T) 




9TF # H^FTST # TT WIWT 3prfpT ^ f 
34Yt 4iici<ri cr^w d - ttw f§r?TT3Tr Psd ?RTd I? 




3cPtTcT '-R 3TTOT £<43 3^ y<ti f£|} d" cj+A d'ti 4dgl?Tr 
JTRp |?. oR 33T?t ^gcT ?lfpT 4<^T aTTcff ^ cT^ 3fif?T^ 





O 

cPi ^ ddl P y^i^r P 41 <h P w P Pi^cHri {> 



^oi< 5>T <a«ii'lrt?ii't-5i P 3 hP<h 



olid # c t">K u l PT fP cl d I Pi Pi PT ^oT4F>T Hdl HftPcH P oRTT 3tP d^l rich 5T cH <J 1 1 oT®T rich 
35# 5JF WW 3# fP 3TTPsR P P&dT ^JT ^l?P f . 

<T£p qr 3dPr Psr P Pdfod-^Frer P Pitt Pi iff Rrtt P ^nP Pr wip gpPr P p 
PlPfdd PT 3TRtr # PP ST^T PdPST P cUdd^d Ptl P 5#t pp! Pm S^TsT P PoTT 
s|<r|l41 ollril t 3TlP cpl o-il Pll s|P. ill P Tjci-|ch|ch< cp u l a) Pi dd$ P sidl Rd olid # y chl?r-sJT<H 
P Pltld ddsi p IFF Pll p PP rich k ,c h PlPT PsJT P cT^FRIFT cjlMd 3i I cl # -(Idrl P 3tlT 
Pi dl dl PT $c^g| c^d ^tt ^oicpl jnoil sicirTl olldl # 

aw Plf PtePr snPT Pldldl P ^ Pr Tpm P %t fit Pr stfrt p dT ^ ?lpr p P 
PP P FWT dlPdl 2JT fiPFrT dlddl. 3FTC 31^T P Plf PPPr ^TsT P TFF PP P PdR 
t TprT oTra - 3pT d lcHd P^IT P "rTrT T?T p rTf d^ra - P PP P Pl^FoT oFRPTT. 



c^oR" •H c H?r R k'a Sir^rl 4'>fo-<*cl 41 <H |f. Cdsl 4? ya Rll 44 c\4 (J l ddt a<rl£ 4>6 R HKc;?ft 
ddt ??. 3tt? oR dR 417? RTR fdafd d a|a aiaT ft (at 1% c?R $[ aTRT ft) eft 3F ^aft 

47 RT fdd d ddt d aTR Pla'd'dl t- 

daT 41 d a4 $ddl 4iR^d f4>ai oTT aacll i? f4? <3?? cRT-RRsT J-fl cH R?d 47 aTc? 3ft 3TR adRl 
47 ada R ad at an£t at W R? aaaT ft. ?%? d RF dR 417? 3£3° aiR 7f|R ^? R 
aa f q|a a^£r. fadt ^d aa- aat r §fr dR 3?R?r alaa fdd ?-?fia #7 aat d at a^£t. 

3a R? dR #7 tdaa R?t sftT §ft 3TRT m aad ft. d aalaaidl (astronaut) R R 
RF dd u l ed? aT 3Tld. 3?a' Reft d aloft dR 41?? RTSf R Rt dd u l d cTaTta? aTRT R4t R 
3 ?t aadt 14 . 4 aPia a^ft d 44 cjd doK 41 <h 4t oiid 3ft? aTRt 3 iid d ad ?ma d r?t 
rtt? aa7?r ft. 



<). <TR TRlW 

rt dR aft? dR r 3h14mr pa at d??r r aT 1% 3Rtl7T fdra 4aifda d ar 
add. 3TT7? drat #7 fdd rir atf 3R?ta a^t. rr af aafdRR ap? aTarard fda prr. 

dR d difta-™r wrrrt ttrt d 4a fdarr aT writ ft. ddtaRFR-fdq- ap? dR 
41 «h 4c;i a? aad ft foio-f aR-Tndtsr d ara3?t r ad siK-=tds a4 R' a? 3 ?t47 <rt aaTd 4? 
am fdaT rtt ^.aF4l7T farft RiaftT ddr ^ 1^7 aflR? ^r d 4dr d ?a^t ?tf^a 
?/?°°° r: - r d ad aiR-Rsr R ?if^a r M-prat 1|aar - d aTrara eWt. 

Ra ?ifda?ndt dR §fr RnaT am ft. rr RiR-?iida dt a?a ?fraaT d Rtla aa 
qdTrr. R5: dfddt d Ida 41a‘-an3' r: R aalda rrf R dR 417? R aT aRit 
3ftr at 3ftr ?°-Rfe-Rfe r # dR 4trr §fr darr Rr aRt ft rr a^ m? dldR 4? ?°°- 
RtR 1|ad d d taa? d aiadl. d 3 taT?aaj? ?tRt # dR 4?aa daitddt 47 rt? # ^ ar 
fdr faR Rfta ?iaa 47 aa f47ar aT tw ft. 

Raa d da? sioiid d fdaTft aafr ^t 3?Ta’?aR?r nscfi 3ad R?r rt aal da? d fdadt 
ft. fdaTft 3dr ardlaaal at 3?d1da Rd d aadt ^ 3aR aa ?da ar 3??r, aasra 7°% d, 
dar 4t?r 4t aa d atR dR ft. da c°% ata arrar t?r f(t atdt d 3na ??Ra a^ - ala ?d 
dd fd? fdr da? 417? r aT§? aat aid 3d da ard d d°% >oil cad d ata? rtr 3rt 
s?! da? 4d am a? aaeft ^ at 3tt? f4?dr aa? a7-3?a adt. 3?a : °ad 33 d aa <^<h 4ai? 
a^t! 



3<4i'6'^i tr to, tor ta -H'Jift'd t, 3tr ff ftOf ft tttor fta trrr fffit $. 
TTTtTRW FFT3T Ft to FTFT taf 5T^t FFlfY FFT3T # to TRT RTF §TRTcfT f . tor ta Ft 

?°°° totter cfrt tr to tr to ft ton fta trrr fffit f tr ter fft?t # rft # tof 

t tar c£FFT t- t?R # to ?rfFTT Ft FF FT?IF ftc£ FT tot FT FFt t HFRF 3^- 3R^T 
FT cTRTTFT FFT FF ttr t- ?Tt f^PT TltT FT 3 'M-mYji ffJT #TEfT # cRF tot Ft FTRlt % to 
FT TTFt f . 



Ft ?llFTT # tor FFRT 3ttr TFF FRlt t to 
3 Mil'I'd I # tT FFTfr £. ?M 3fhr ?lfFTT?to t3fR 
'-cHlf-K-F FT dF^l at rtcT FR TTFTcfr (t 3tT FIF 
afr TTFTcfr |f. to 3fr tiRvi tt Yio-qd ctorr ttf 
8fT H^fl 3TT ft<^ Ft sl^rl dal F< c\ d Fl . d£l dF 
ftr 3RTT FF FTcT FT Ft ct 3Tt taeFFR 3TT% 
3TTT-FK 3ft oTT TTFTcfr t- Yio-qd ctoR" 41 <H 311-0 FT 
CTtf # cTRFT at Ft Ft FFT tat to TTFlf tr 
TTT2f FTC TTFTfT t- toR t^T Ftt at C°% 

Jnoll cF2f oi l cTl t, ftR" 3ft Fid Ft FTC°t at ctoR 
FFtf tt, TM fatoTTFiT, FT3T 31 oil FT ^-dOdlcH 
FtcTT t- 



tor ft trtRt fftt fittf fr# at sfr ftar ttt 

O O 

TTFeTT t- ^R 4l7T Ft tJF' aiOT % fitt, #T FT^ 3T?ff RF, FF ^ FT ftFTT oTTeTr 

t- F? FFeT Fat F^ 'dldl t- H-<a-d FF $d<4 FF FFF tr f^HT FteTT t 1% cTIF Ft 3TRT-FRT 
taf FT FFF Ft t fJtd'dl. 3F1FF°T tr ctT FT, toR - FT 3FFRT FT STfF-TTfTT # TFl^t f^TCT 
FT FcTct ^T FFt FT FF FFTFT FT TTFkTT t- FF FF taR tr S^TRT CTFF-FFTT # TFlft Ft 
?TRt ?ta Tt FFT taFT ftT 3Tt FRTFT Ft FT TRTF $[ fjtct'JIl. TFT3TrftF f Ftf 

tFT t tot tT FF FT FFtF ctff-fftt # TFltt toit #7 to FFt FtFT ffIYt ff ftrt 
FF TTmTTF TFF FT Tta ta FT TTFkTT f- FF 3FIFTF tot FF tolt tt to ftr taR FFT 
FFT FT TTFTcTT t I^FT FFT t- 





4a WRcHT 4 4aTT ^FT Tatar 



WlT aT aaRT 3=FP^ 4t §]tlT % 3aT 3ft f^TZIT FIT aaTTT 

O 

t. 3FiF'aj| 4r atr ar aar atna aa tfear £rar Wt a4 at 
ara 3t?t Ft aaat t- 31% # aaFft aft air Wit Ft 4 fit 
44 <41 <H va> ST^T ft ^icLoii aft f^FRT 4 3TRsT 41 f^a4 
ar R)H=hi aa><ri) 4 — 3ftr Fra sft faaT ^lci Ftar W 
Fa4 f^arr^ 4 <4 34 a4 ^ h1?ii< 41 3ft a Ft4r. 4F a a ^ci^fl 
?Tlycii 4t FtaT I? t4> <4 ftt tt 4ft Far ciih strst aft af)^ 
aaana a^t aWr aiar. 

o 0 

c4fit aa aata a^a (f4WT) 4r Wr sft War ar aarar f . 
?ja-ar 34 aa^aFT, Fa'-afar #4 arF, aarfr % f4Wr ar 
aaWt aft air Tt 41 f aa aaaa ar arart 4. fhtt a# 

?flT at W £t aT, 3RR5Tt # sTcHWd 3ft 4Fa W a Ft 

o 



aaft ?ft. Wr fafer 34, 4ar aaWt aft aaaa ar ararft ft 
- 4 f 4 4r ara aftr Wa araiFr fW. aa aa^aarafa s4 Wr-ffcr aa 3aata aa4 a44. 34a 

f\ 

aa=caFT 3ft! 

<\ 



4at arr aa4 sm aaata aaaia 4 ft aWr 34 War ar tft 4- aa aar araiFr aft aaaa Waft 
ar f4aff4 Wtt aTar ft. a4ta aT anaia Tt Waft Ft af aaraa-War ar asar (aa, groove) 
aaicft ft. War aft arsa ata4 4r arF, aar cjaf) a^ 3a asci 34 aa arr 4 ttt r?t ar3 = aa 4 ft 
aarft |t Wrr War aft aairt a3ra War aaT ar. Faarr W |t W aF# aaft f4a 4 4 ft 
# ar aarft Fa aa=aa aft a3Wiaaar 4r a144t far Tt arraiar aT aWr 4r aa s4 aaT fit 
aarrr |t. aaaaT aF et W ?ft4-?ft4 af fWt aarft 3ftr 3^4 arr-aiT aFaaT a?aT aW 
af tW (groove) s4 aarft 4, 3 a% fWt # arraiar 3ft aarf W t- 

m tafar # aFTt aft aaarFR War ar W-W aW 4r Tara' (4 fs 4 pattern) 34 im 
Wit oiidi 4- ^ $ci<4 T^ttr Ft4 f' W F^t Wa^ sft a^t ^rt. Wfr-arsaFT ctar ^4 ffraroft 

aar F^ra F^T-ta Waa f°t awr 4 t aara - a4 aF aa 3a^ taf^r ^t aFTt ^ aFa - ^cft 
Fa arF War aft a^ ?5cfl ^t aift — 3ftr f^t t%ar fftrft f4a-Wa 4r ?ftT 4r ?r^ TRfta 3ftr 
arraiFr aa 3aaF 3ar aaat f. ft^t aar ara 3ftr ?t. aa Fa aar Wt ^ft War 34 aFa ata 
Wfta 3 tt aar4 f. Fa atF ^t War aa^t f4aaat # aaaT ^ aFa tjW Wft |t 3ftr W 
aff3=4aF-War (^M) arFT atar |t. m arat aaat 4r f4afffta 4r a4t% a4 ?fra aFa tft 

t 



#RT XRT XRR to FH^r t -- tor to# #. dFR Wt W tor to# # f#T ###- 

^ o 

#T 3TT xRftR tolT RTRT 2TT. ### to ## tolR XRR # RRR xr WTajPT WRlftd 3R 

Rto f cKfift, ftT #RRT 3TRR-3TRR toto xr y'dlU'd tolT RTRT ft. STR Rxr# ER tR R# 
### RT tot xr 5RR RR7RR f^RT #T#rR # #RRT # R# R°T to #R RR# f to to# R 
RT# #If rr# |f. 

to# to tot tor#t # #ri<h 1 # f#r Ftorm #t rt# rt# to#-# % tor §ter rt to 
#FRT x#RT 1#R# # #RI<h 1 #t to#R XRT # R to R# 3ftR dd$M #T #. fR^T 

Rdd'si rf | to er #> tot to to# xr cr* Tfito to % # tom to rt rr# £. 

to#R toR#r tor tor 3R# # rrtft tom xjrt #1#r eto to) # wdiUd tor rt rr# 
f . 3F1FRR % to xr rrtrt #t to, to#-to # xj^-totF to ^ 31TT: ^Rto^ ^ 

xjrt toto tR # toR# tom to#-#R xr mtoR to rt rr# f , 3R# rr# rrift tom 
rrrr # tot RRm yRittd to rt rr# f. 

xRdR XJRT RRRRT t- to#-#T to, #T, RTF#, to, to# 3## # X}R ^r 3TRT RT RR# t- 

rrrr # f# rf R^^tr to- to#-to 3#t rtrcHxjfch # rrf # frrirr rtxtrt #frr rr# 

#t #Rlf # RTR-RTR RRRR RRT rJr RR# ft. RRTT3F #t f#T# tot to # Rto f to 

t Rto # torf $ srr Rto f. 

3RR F?T RclttST 3t infR^TR R^icHI^C c r) ct RT dFT Rt 3R^T RIRct ^ c r>'l^ f^ER d^l FtRT, y c Til?r 
# toR tt^ot % folk 1 c ti'l^ dlR cjRd R to, to R ^t XRFT5T ^t f^Rxnt dit xj^t ^t <> ltd 
RRF XR Rto # 3TTR?R^RT. XJ^T to 3to«F to to XRRT ^Rt - ^T toR % Rto to# eft- 
^ 3 -?# ^t tom ^r xtrt ^ #r tor to Rto to to# Rtoto ^r r#rt. 

tor ?m Rtor xr aft 3R Rto f xprr ^rT to ## # fto to t#to totom #r fto# 

#T F^T # R5RRT xrrt ft. xRo^r FtotR #r dTR ^ to |r. 

idlyTld xr R[R ^Rot # fet xj f^Rd) #T c Tit u C- R# # RRt FRRT RRlf^R #cft it. #RR # 

rrrr # totor tor xjrt rrf # ^to rrf to rt Rto f. to ^m ?m xrr?t #r to# 

#1 ?ft?t # Hdol-cH<Hsl t^?ft (xTiTF^T) # RT^RR # 3tR ^R 3tt ^R RRct 3TRT #RT f#R-# 

^rr yto to # ?r 3TTftoFR-xRF^r # Rimm # to#, toto tor xjrt rt^t to Rtor f. 

to #r artor #Nr rrift rrrt !r to tofto R^T?r #r to# to# # toR #t tosrr tot 
rrirt torr # tor # rt Rtot f. rir^ch totor tor # fto xjrt ?ift # ^to ?ift 

toR. 121 





TTTtTRW 



^tTET % 




tor toRR wf Rto torr 

RT W %. *R W66 to 3RT to 31'i'<Hift'=h- 

3RFRIFR to to RT tRF to to RRT 

iM'^'si^-afil^'cw tor toRR tor £r RRRfr. 

wf^T-sfito^r <;ciki ?rtoi to atcR wr 
R3R?r tor ttoitor tor to tor tor rrrr f 
to to rrit rt rrrit ft. 




4il$sH-3i1fC'dch #W 



to RRS 33RT cto to 3RR 3R 3W 

RRto to fol^ RIRdR daK R>T y •4l<*l ctRol 

^t rrrt w t ■ totor tor tottor- 

toltote eto -- tor Rrrrer to rsttr tor 
RRlto - tT tor (?. Rf-ctTaT Ic^oi sjic^, RR 
ddl^ R>T 3RRT ■Ml} ?lTl'( to fit RTR, k ,c t"> 

rrrt 3fifteR-Rn=PRr ?toR to strrr 



rr?r to rrtrjt rtrt I", sto R^r to 

N t\ O 

tor hr srftentoT wt to 3Rtor ft 
teto srrr to w to rtrt |r rt 
3to arRT-'qRT to rrrr tototo (tot) rt tof 3 r=r to to- 



^ntrRRr ttotorar tow to 
'T>Tf«R 3frtow tow tor wranr 



toR Itotot toTtor terto tor w^\ to to RTtor into to ftor |f . rtrtot to rt rM terto to 
rrtrt tor ttorw ter rtr tor totto tor 3rt tor rrrirr Rte-ftoRR rt RRtor fr. to tor rrt 
RcFT?r ftoR rt rsrt fr arr rrf ftom HFitor rr tor $\ to wr rrtrt r^rt t , to fter 
WT tor tot |t. fTT RTF to?T RT 3to-3to" to 3TTRFR RR to f . f^RR toT ^RRR W !W 

qto r5TR toto f. to tor trf srt ttrrr (Rto) tot-- 3Rto rrs tor to-arRiRT (tototo) 
to terf to tor. 



RitoTitor y=M?r to <41 <h tor tor sritor to rtct oTrt. tjrt 3trt 3rt rrr to crwito ^rirtT tortor 

toTT RfT ^T to ^RRT 8TRT RRr to°T to Rtotofto (ttRclRd) to t- ^T?r to eto to R3F ^fto 

to ftor ttoto f . to ter terto-tor ^to f tofto rjRr to r?=r to crrirr ttorr ^rarr 

° o 

^ ortoto Cjto to torf ^rrtr ?tor strjt 










fcftc^T 3-3TRIT3fl ^ 



«mi<i} q>T ci'Tl^i 

3RTT 3TT aRT^ oT^T qlaYl <sJl <H faYoRFiT Rsl^Sl-YY oiic) , k lc h L h)cl <<£l <^t oTRT eft 3TT 

q? fktft 3RY tRTRT 3TT qY^TT aTRRTT. 3RTT 3RT 37T ST^rYT fYRRT qT qqm SToTT 

O O 

^trt dt qqrer # 3^ eft^ff sSYjt # # ?RFd arq^rr f aftc ?qr aY qq f^q 

qdRft f. f^q 3 - 3 TRJTaYr ^tcTT | 3 ftr qq 3 RT^T 3 Td 3 TT pRTcTT |Y. fd ftrq qY $THUllV> 
q^Y f . 



eYdtqrrq YYrt Ri^id qr armilYd ^ 37R6T ?<wb aY ^rtYY aY ^ enr qq fqnlYYq 

o 

^YfT qqlT (Dennis Gabor !S°»-!W) aY #. wr ¥13" ?<Us? aY fTT Ya faYq 3a=t 



sfl^or RR^R tor. frFTT R3=RT fR to R3TT eRjfa ?RC ^TcHYjJIMi RRmT 3RT3RT 2JT. 

RRrrcw R^rrer # to^r tor ftor rt to Rtotto ito mm-tot tot r smr tor. 

o 

tor #r atomm ?r totorr amm ^msw ftor. ?r r^rt tomiRr st awtor to: to 
(Emmet Leith) to - oito stotom (Juris Upatnieks) ?T 3RRJT. 

totor mr to cim to HJntoto 3Rto to |r. ^irr: rrt to mr aator to rt to tor 

RT 3-3TPTT3T # ^cto'cH to RT tolR RR tolRT to Ttot mT frFTT 3Rto tolT to 3^ 

^tjt *M<H^ # to ^ fit. tom - =rto 1% fm tot # to m T|r fto # aiRmr ^rm r rbt 
H 1 4 4 ! 

tor #r amr tom tom # arsfr snp ^t f. torfto ftotor wnma# rY totor 
wntot £ to (rrot) rr to smmr mto f. ?rr trf % Rm^-tomr tonrm amtotaR- 
ftoRi tY to ^rrt to to rr Rto. Rmsm-toRT rirt rrt tftor-tot (Ytot-toto) 
rtorm to tor RrrT ^ton to ^r tornm §fr rrt tot. mRRm smRtoaR-toRTT aY 
tom to to tor # artor Rm^-tomr aY tom to to wnm §Yt amtot tY rtorY f. 



<^au 41 jh 






3T3-ft f 




/ 



If I 



toRr^rrar aY <mi y r> 't^btstst-IYr^fct 



3R: TOjRR-ftTOTO TO ftR TOTlTOf TOT TO faddl T^TT! 



qf^iFfr tot ^ f^r ora - rw $i$gW«H toT tor TOf d faro tor aftr Rf to diTOid to s^r £t 

rW d <<sl I TOR d3 rW TOJold ?JR 5T d^> d ll. 3 dlPlch y°-dlcH Tf Rift TOa"! 

TOtfltTO TOT ^ f . WH 3T3fr TO W d f?T R%. 

MRafd TO XJR RflTO t - TOft ^ftTOT TO W^fT^T TOT%. TOfT 6T$'gW<H % XJR *£lt TO# 
TO R# 1#TO t cfoR TO ^TO feRT TOR. f^RRT 3TOT dlMdld TOfaff f#arfT TOR TORdT. RTRTTO 
dti to TOf 5 TO#Itot ^ tottot tor $ tot# #. tor #rr % toto $ 6T$$Wd to cUtoft 
xjr frfous % afr tfit £ 3t?r af TOTtrot IMr tor totoii 3ftr Rf to #r?r to tor #r d#t 

o J 

Rf^'dl 3RTO TOTTOT #T TORdl. 

TOR ^RT 3T§ft TO R§TR ft d#T TOT ft. TOT 3TIR3TOTO # ^R ?rfdR?TTcfT <#3R #. tRfl^R 

J o 

=R TORJT TO TOR TOT }# #. 

3 dlPlch Ofl cTfl#T TO 3ft TOR dR T# # foldfl 3idR§T ft <#3R RRRT dRTOfTSR-RIRR #" cH <51 
c£?dR # fxTRTfR d# f?RRIT TO R%. d^T TOddl # #RT dl'+dd *T R3=RR ^tdT ^ d#T. TOTO 
f^RTTfR fTOfT ^RfT £ RdftTO # RRcfT # f#T TOTOTO £ fSVdftd #TOT tlR #T R# f#R RTO# 

t 

RrF^r c# 1#FFT 3TT3R# # RR #! #RR fa>d'«fl TORfalt # 3^ dl^R ft R^ TOJT TOJT 3tfr TOT 

TOT^fr. aftr 30 tot to^t ^ror to l^rfr ^ stir afr d tot to. 



RRTR 




